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Available online xxxxThis paper builds on the FoRTE conceptual model presented in part I to address the forms of knowledge that are
integral to the four components of the model. Articulating the different forms of knowledge within effective fo-
rensic reconstructions is valuable. It enables a nuanced approach to the development anduse of evidence bases to
underpin decision-making at every stage of a forensic reconstruction by enabling transparency in the reporting of
inferences. It also enables appropriate methods to be developed to ensure quality and validity.
It is recognised that the domains of practice, research, and policy/law intersect to form the nexus where forensic
science is situated. Each domain has a distinctive infrastructure that inﬂuences the production and application of
different forms of knowledge in forensic science. The channels that can enable the interaction between these do-
mains, enhance the impact of research in theory and practice, increase access to research ﬁndings, and support
quality are presented. The particular strengths within the different domains to deliver problem solving forensic
reconstructions are thereby identiﬁed and articulated. It is argued that a conceptual understanding of forensic re-
construction that draws on the full range of both explicit and tacit forms of knowledge, and incorporates the
strengths of the different domains pertinent to forensic science, offers a pathway to harness the full value of
trace evidence for context sensitive, problem-solving forensic applications.
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The need for research in forensic science that addresses theory and
principles to underpin the discipline is not new [1]. More recently the
published literature has articulated clearly the need for a research cul-
ture that undergirds the whole forensic enterprise and offers high qual-
ity empirical research to address theory, policy and practice of forensic
science [2–4]. Indeed, the importance of the development of empirical
evidence bases to inform the interpretation of forensic evidence has
been highlighted as one of the highest priorities for forensic science
[5] given that ‘our ability to analysemay outstrip our ability to interpret
[trace evidence]’ [6]. Whilst the role of trace evidence has been chal-
lenged (as outlined by Robertson and Roux [7]), it is acknowledged
that trace evidence can offer answers to pertinent questions asked dur-
ing forensic investigations. There is, therefore, value in incorporating
trace evidence into forensic reconstruction approaches [8]. The FoRTE
model that outlines the role of trace evidence within the forensic sci-
ence process, and the critical components for effective forensic recon-
struction inferences, has been presented in part I of this paper [9].Science, 35 Tavistock Square,
and Ltd on behalf of The Chartered S
ceptualising forensic science
7), http://dx.doi.org/10.1016Such a conceptualisation of the forensic science ‘endeavour’ [10] offers
the means for effectively harnessing the insights from trace evidence,
ensuring that robust evidence bases undergird each stage of the forensic
process, and offer a foundation upon which to test the strength and/or
signiﬁcance of the trace evidence that is identiﬁed in a speciﬁc case. Un-
derstanding the holistic system that encompasses forensic reconstruc-
tion offers a very signiﬁcant step to addressing the call to enable trace
evidence to be utilised effectively [8], and forensic science to deliver ro-
bust, transparent, reproducible intelligence and evidence.
This paper builds from the FoRTE conceptual model [9] to address:
• The forms of knowledge that are integral to the model, which exist in
every forensic science reconstruction.
• The domains of practice, research, and policy/law that intersect to
form the nexus where forensic science is situated [11].
• The role of the institutional infrastructures of those intersecting do-
mains and the individuals within those institutions, in the production
of new knowledge in forensic science.
Understanding the different forms of knowledge (what we can
know) that are embedded in the forensic science process and in the fo-
rensic reconstruction approach offers insights into how best to useociety of Forensic Sciences. This is an open access article under the CC BY license (http://
and forensic reconstruction. Part II: The critical interaction between
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Table 1
Attributes of explicit and tacit forms of knowledge (compiled from Polanyi [15] and Lam
[17]).
Characteristic
of knowledge
Explicit Tacit
Generation Logical deduction, rational
understanding of universal
principles
‘Learning by doing’, operational
skills/know-how
Acquisition Formal study Practical experience in relevant
context
Aggregation A single/discrete location
and stored in objective
forms
Personal and contextual, dispersed
(not easily aggregated)
Codiﬁed into standard
operating procedures
Organic and dynamic capable of
supporting complex patterns of
interaction in the absence of
written rules
Communication Can be easily
communicated often in
written form
Intuitive and often unarticulated
Transfer Can be shared without a
‘knowing subject’
Requires close interaction and
build up of understanding
Fig. 1. Explicit and tacit knowledge generation and the forms of knowledge predominantly
contributing to different aspects of expertise.
2 R.M. Morgan / Science and Justice xxx (2017) xxx–xxxthose different forms of knowledge to ensure that forensic reconstruc-
tion is a truly holistic enterprise. Incorporating the roles of the
intersecting domains of practice, research, and policy/law into the
model situates a conceptual approach in reality, and thereby enables
the different requirements of each domain to be incorporated into the
forensic reconstruction process. Addressing the production of knowl-
edge within those different domains at both the individual and institu-
tional level offers the opportunity to identify the different strengths
within this forensic science ‘matrix’. By drawing upon the diverse
forms of knowledge integral to forensic reconstruction, and the ap-
proaches to knowledge production, and individual and institutional
characteristics, it is then possible to begin to articulate paths for going
forward. These paths need to be those that harness the strengths of
the intersecting domains to ultimately present an effective approach
for forensic reconstruction that is able to assist both the theory and
practice of forensic science.
2. Knowledge and how it intersects with forensic reconstruction
problem solving
Knowledge within forensic science will take a variety of forms [12–
14].
Within the FoRTE model [9] the forms of knowledge present within
each component is a critical factor because themodel incorporates both
high quality, empirical evidence bases to underpin each stage of the fo-
rensic process, and also the expertise required for case sensitive infer-
ences that contribute to the forensic reconstruction. The concept of
explicit and tacit knowledge [15] offers a way of conceptualising the
continuum of knowledge. The continuum encompasses knowledge
that is articulated explicitly (codiﬁed, abstracted and easily communi-
cated knowledge) ormanifested implicitly or tacitly (less easy to codify,
often learnt by doing, and more difﬁcult to articulate). Developing an
understanding of where and how different forms of knowledge contrib-
ute to forensic science is signiﬁcant if we are to develop a nuanced ap-
proach that can deliver effective and robust forensic reconstructions.
2.1. The explicit and tacit knowledge continuum
Therefore,within forensic reconstruction,we are seeking to bring to-
gether different forms of knowledge and expertise in order to develop
reliable, transparent, robust interpretations of evidence. To achieve
this we need to generate new knowledge that is context sensitive (to
a speciﬁc case), yet generalizable (conforming to the rule of science).
This requires the creation of evidence base(s) uponwhich to draw infer-
ences, but also an interaction of those evidence bases (that have a series
of knowns or explicit unknowns) and expertise (which comprises ex-
plicit (often taught) and tacit (developed over time) components in-
cluding technical knowledge, skills, experience and routines).
The theory of explicit and tacit knowledge offers a way of
conceptualising the continuum of knowledge, to encompass knowledge
that is articulated explicitly or established implicitly (tacit). A critical
issue is that explicit and tacit forms of knowledge cannot be considered
to be separate and discrete in practice. For the generation of newknowl-
edge, as is required within forensic reconstruction, an interaction be-
tween both explicit and tacit knowledge is needed [16,17]. These
forms of knowledge have been discussed and outlined within the phi-
losophy of science [15,18] and can be understood to have different attri-
butes with respect to the generation, acquisition, aggregation,
communication and transfer of that knowledge as presented in Table 1.
In its simplest terms, explicit knowledge can be considered to be
knowledge that can be generated through logical deduction and codi-
ﬁed in an objective way that can be shared without a ‘knowing subject’
[17]. It is therefore knowledge that can be easily communicated and
transferred, such as standard operating procedures for an analytical
test of a substance by a particular technique, or the chain of custodypro-
cedures for exhibits collected and secured at a crime scene. This form ofPlease cite this article as: R.M. Morgan, Conceptualising forensic science
research, policy/law and p..., Sci. Justice (2017), http://dx.doi.org/10.1016knowledge can therefore be acquired through formal study. In contrast
tacit knowledge is more intuitive, and often unarticulated. It is often the
type of knowledge that is gained through practical experience and is
shaped by the context and different experiences of the individual. It is
this personal quality that can make it less straightforward to communi-
cate and formalise in an objective codiﬁedmanner. For example, the ap-
proach taken to collect a sediment sample from an item of footwear, or
examine a microscope slide or a ﬁngermark, may well vary from exam-
iner to examiner based on their experiences and their mentors [19,20].
Due to the nature of explicit knowledge it is generally possible to ag-
gregate that form of knowledge in a single location and it can be stored
in objective forms, such asmanuals, books, andwikis. Themore person-
al and contextual nature of tacit knowledge makes it more difﬁcult to
aggregate and the role of the ‘knowing subject’ is important for appro-
priating and transferring this form of knowledge.
It is important to be clear that differentiating between explicit and
tacit knowledge is not to make a simplistic and didactic distinction be-
tween empirical ‘scientiﬁc’ evidence, and experience and expertise.
Both explicit and tacit knowledge are crucial parts of scientiﬁc knowl-
edge [15] and the scientiﬁc endeavour of producing new knowledge.
Tacit knowledge is generated through both learning and innovation of
the individual as they interact with their peers and communities and
develop practical experience [17]. In contrast, explicit knowledge is
generally generated through logical deduction and formal learning.and forensic reconstruction. Part II: The critical interaction between
/j.scijus.2017.06.003
3R.M. Morgan / Science and Justice xxx (2017) xxx–xxxExpertise requires the generation and contribution of both forms of
knowledge as outlined in Fig. 1.
The different attributes of expertise (experience, skills, routines and
technical knowledge) are all found on the continuum of explicit and
tacit knowledge, albeit with a dominance of one form of knowledge.
For example, routines (or heuristics) are generally developed over
time through experience (tacit knowledge learnt ‘by doing’), however
once those routines have beendeveloped they can oftenbe codiﬁed (ex-
plicit knowledge). Furthermore, skills are predominantly acquired
through practical experience but will also be informed to an extent by
procedures and approaches that are codiﬁed.
Therefore, it can be argued that it is a false dichotomy to distinguish
between ‘science’ and ‘expertise’ in the context of forensic science. Both
are required for robust and effective problem solving and knowledge
generation, both draw on explicit and tacit knowledge and thus, both
are integral to the scientiﬁc endeavour of forensic reconstruction that
is accurate, transparent and reproducible. However, it is critical to be
aware of when empirical or expertise evidence bases are being utilised,
and a conceptual model may assist in identifying the base uponwhich a
speciﬁc decision or inference is predominantly founded. Having clarity
on the balance between empirical evidence and expertise in a given sit-
uation enables a careful and transparent approach to be taken with re-
gard to the way inferences can be made and presented to both
investigators (as intelligence) or the courts (as evidence). This form of
clarity is clearly highly valuable when assigning signiﬁcance and/or
weight to speciﬁc ﬁndings.
2.2. Knowledge and expertise
The role of expertise within forensic reconstruction is embedded in
the decision-making required in each component of the FoRTE model
[9]. It is therefore important to identify the different strands of expertise
and the different forms of knowledge that those strands draw upon.
There canbe considered to be fourmain components of expertise; expe-
rience, skills, routine and technical knowledge (see Fig. 1).
Experience is a key and underpinning strand of expertise. The role of
practice over time in a variety of contexts (tacit knowledge) enables the
development of expertise. Over time, experts develop the skills to be
able to recognise when past experiences may be relevant to a current
situation, and use that experience to focus on the important features
in the present context more quickly. Expertise is also founded on skills.
Many skills can be acquired through training and over time (through
explicit knowledge), but there are elements that cannot be acquired
only through training. This is seen in the way the transfer of skills can
be enhanced through observation, demonstration, coaching, mentoring
and practice, where interaction between individuals is an integral part
of the process. The routines or heuristics that are developed through ex-
perience and increasing skills enable an expert to recognise helpful indi-
cators at a crime scene or attributes of a sample, and react quickly and
effectively to challenging situations. These routines are generally lever-
aged from the tacit knowledge that has been generated and built up
through experience, but it is important to note (as mentioned above)
that once identiﬁed, routines can be documented, codiﬁed and shared
(explicit knowledge). Technical knowledge is clearly vital for expertise
and this can be considered to be primarily the product of formal learn-
ing of codiﬁed and articulated knowledge. An example would be exper-
tise in carrying out a particular form of analytical technique.
The importance of incorporating both empirical scientiﬁc ap-
proaches and expertise in the generation of knowledge is critical to ro-
bust scientiﬁc endeavours. Both explicit and tacit forms of knowledge
have important contributions to make to the development of empirical
science and expertise. Furthermore, incorporating an understanding of
these different forms of knowledge so that the new knowledge required
in problem solving can be generated, is critical to being able to deliver a
holistic approach to forensic reconstruction. Forensic science as amulti-
disciplinary domain, lies at the intersection of investigators and forensicPlease cite this article as: R.M. Morgan, Conceptualising forensic science
research, policy/law and p..., Sci. Justice (2017), http://dx.doi.org/10.1016scientists (the domain of practice), research scientists (the domain of
research) and the criminal justice system (the domain of law/policy).
It is therefore imperative that an awareness of the different types of
knowledge within each of those domains is articulated and incorporat-
ed into an understanding of effective forensic reconstruction ap-
proaches. Each domain is made up of different types of institution
each with different infrastructures, different dominant knowledge
bases, different types of expertise and different approaches to generat-
ing and harnessing knowledge. An understanding of these different ap-
proaches to knowledge generation and their contribution to forensic
reconstruction therefore allows for meaningful insights into how best
to equip and deliver the robust forensic reconstructions required for fo-
rensic science.
3. Institutional frameworks: the institutional role in shaping
organisational learning and generating knowledge
New knowledge is generated through the interaction and combina-
tion of both explicit and tacit knowledge [16], and the learning and in-
novative capabilities of an organisation are dependent upon its ability
and capacity tomobilise tacit knowledge and foster interactionwith ex-
plicit forms of knowledge [17]. Therefore, it is important to identify the
different forms institutional infrastructures can take, and how those in-
frastructures inﬂuence individual and organisational learning and the
generation of new knowledge. It has been identiﬁed that there is a con-
tinuum along which different institutions are situated with regard to
the dominance of explicit or tacit knowledge, the archetypal character-
istics of each organisation, andwhat forms of knowledge aremost dom-
inant within that organisational framework (the balance of explicit and
tacit forms of knowledge) [17].
3.1. Knowledge and institutions - the dynamic interaction of knowledge and
its generation
Organisations have a signiﬁcant role in forming, shaping and en-
abling organisational learning and the role of explicit and tacit knowl-
edge within it.
When considering the infrastructures and frameworks of knowledge
production, aggregation and appropriationwithin institutions, there are
two levels to consider; the individuals that make up the organisation,
and the organisation as a whole at a collective level. Lam [17] presented
a model that draws on the work of Collins [21] and Blackler [22]. Build-
ing upon this approach is helpful for addressing the pertinent character-
istics of knowledge and its embodiment in the organisations within the
different intersecting domains of forensic science along the explicit/tacit
knowledge continuum (Fig. 2).
Fig. 2 presents a typology of four forms of knowledge that brings to-
gether the form of knowledge generation (along the explicit/tacit
continuum) to itsmanifestation (individual or collective)within organi-
sations; ‘embrained’ (individual explicit), ‘embodied’ (individual tacit),
‘encoded’ (collective explicit) and ‘embedded’ (collective tacit). Organi-
sations that are dominant in explicit forms of knowledge often have
clearly deﬁned knowledge bases. There is often a centralised approach
taken within the organisation, and by the individuals within it, which
is codiﬁed into procedures with consistent approaches to tasks. Organi-
sationsmore dominant in tacit forms of knowledge are often effective at
dealing with issues in speciﬁc contexts. The individuals within such or-
ganisations are action orientated and strong at developing solutions as
an issue emerges. Organisations at this end of the continuum often
have fewer formal structures, relying on more contextual and interac-
tive approaches of the individuals within the organisation to generate
knowledge and complete projects. This typology accounts for both orga-
nisation structures where the individuals within it are more dominant
in the generation of knowledge (the ‘embrained’ and ‘embodied’) in
comparison to organisations where the generation of knowledge takes
a more collective approach (‘encoded’ and ‘embedded’) [17].and forensic reconstruction. Part II: The critical interaction between
/j.scijus.2017.06.003
Fig. 2. The epistemological and ontological dimensions of different forms of knowledge within organisations (compiled from Nonaka and Takeuchi [16] and Lam [17]).
4 R.M. Morgan / Science and Justice xxx (2017) xxx–xxx3.2. Knowledge and institutions - the standardisation of knowledge and
work
Further reﬁnement of this typology can be made by incorporating
the degree to which knowledge and work is standardised within an or-
ganisation, and the genre of labour market within which the organisa-
tion is situated [17]. An occupational labour market (OLM) is one
where the knowledge and skills of the organisation are primarily man-
ifested and owned by the individuals within it. This gives rise to career
mobility as the networks and interactions between individuals encour-
age the development and accumulation of tacit skills. The mobility of
the individuals often affords an organisation an ability to be responsive
to requirements within the market place as changes occur. In contrast,
an internal labour market (ILM) is an organisation that is able to offer
long term and stable employment to its individuals, with knowledge
and skills of individuals being embedded in careers within the organisa-
tion. This approach affords the organisation signiﬁcant stability and the
potential to accumulate and retain the knowledge that is generated.
Such organisations rely upon the corporate memory of an institution
as a valuable means of learning. When the degree of standardisation
of knowledge and work within an organisation and the dominantFig. 3.A typology of organisational infrastructures incorporating forms of knowledge, the degre
the organisation operates within (OLM (Occupational LabourMarket) ILM (Internal LabourMa
Lam [17].
Please cite this article as: R.M. Morgan, Conceptualising forensic science
research, policy/law and p..., Sci. Justice (2017), http://dx.doi.org/10.1016form of labour market are incorporated with the dominant form of
knowledge and role of the knowledge agent, it is possible to identify
an organisational framework typology (see Fig. 3 compiled and modi-
ﬁed for forensic science from the work of Lam [17]).
Lam [17] provides a comprehensive generalised overview of the dif-
ferent types of organisation within this typology, so here only the most
pertinent attributes for forensic science are highlighted. Institutions
with dominant explicit knowledge and standardisation of work prac-
tices can be characterised either as ‘professional’ (which have an impor-
tant role for individuals within the organisation and are often operating
within an occupational labour market) or ‘bureaucratic’ organisations
(that operate at a more collective level and within an internal labour
market model). Within ‘professional’ organisations individual profes-
sionals are key knowledge agents and the capabilities of the organisa-
tion are often predominantly derived from the ‘embrained’ knowledge
of highly trained, relatively independent, individuals. These individuals
have high levels of formal education and training, which leads to a rela-
tively high standardisation of knowledge and skills within the organisa-
tion. In this way standardisation often originates from outside the
organisation with external education institutions and professional bod-
ies playing a signiﬁcant role in articulating the standards and quality ofe of standardisation of knowledge, the role of the ‘knowledge agent’ and the type of market
rket)). Compiled and modiﬁed for application to forensic science from the original work of
and forensic reconstruction. Part II: The critical interaction between
/j.scijus.2017.06.003
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organisation often exhibits traits of individual and functional specialisa-
tion. Many of these characteristics can be tracedwithin the ‘practice do-
main’ within forensic science. The role of highly trained and expert
professionals is very important within forensic investigations both
from a crime scene (investigators) and a laboratory (forensic scientists)
perspective. Lawyersmay also operatewithin structures that have char-
acteristics of this typology.
The ‘bureaucratic’ organisations are often highly effective at provid-
ing efﬁcient and stable approaches to projects. These are the infrastruc-
tures that formalise operating skills with codiﬁed procedures thereby
reducing uncertainty in operational tasks. This form of organisation is
well equipped to deal effectively withwell known problems as it gener-
ally has an accumulated knowledge base that has been derived from the
formalisation of the knowledge within the organisation. There is less
focus on the individual and more emphasis is placed on the manage-
ment hierarchy. These traits are often observed within the law/policy
domains where stability, formalised knowledge and the codiﬁcation of
knowledge are important attributes. The development of rules and pro-
cedures for the production and utilisation of knowledge are a valuable
part of the criminal justice system offering transparency and ensuring
parity across different cases. These approaches can also be seen where
the law/policy domain intersects with investigations, where standard
operating procedures exist for given situations and tasks that ensure
quality assurance and validation of analytical classiﬁcation procedures
(as outlined in the UK Home Ofﬁce Forensic Science Strategy [23]).
Institutions with more dominant tacit knowledge and less
standardisation of work practices can be characterised either as ‘occu-
pational communities’ (which have an important role for individuals
within the organisation and oftenoperatewithin anoccupational labour
market) or ‘organisational communities’ organisations (that operate at
a more collective level and within an internal labour market model).
The ‘occupational community’ organisation is often characterised by
an organic structure that has a less standardised approach towork prac-
tices and the generation and utilisation of knowledge in comparison to
the ‘professional’ or ‘bureaucratic’models. Similarly to the ‘professional’
organisation, the individual has an important role and yet arguably
within the ‘occupational community’ model the individual has greater
independence to make decisions and develop solutions to new situa-
tions or issues that arise. There is often a focus on experimentation
and practical problem-solving within these organisations which affords
the ability to adapt to new situations. However, operatingwithin the oc-
cupational labour market can make it a struggle to retain individuals
and their knowledge, given the mobility that the more occupational
style of labour market affords. Many of these traits can be observed
within the research domain where individuals have signiﬁcant exper-
tise and the scope within their institutions to experiment and derive
new knowledge in response to current issues or problems. The level of
autonomy afforded to the individuals within these structures can be
considered to foster signiﬁcant creativity and be a fertile environment
for the development of new knowledge, but comes with the potential
for the creation of knowledge silos between institutions and between
different contributory ﬁelds (as outlined by Kelty et al. [24]).
The ‘organisational community’ brings together the more ﬂexible
and organic structure with lesser degrees of standardisation in knowl-
edge orwork practices of the ‘occupational community’ genre, and com-
bines these attributes with the efﬁciency and stability of the
‘bureaucracy’. The expertise of individuals is brought together in the
form of semi-autonomous teams who are able to work on projects
with a degree of autonomy yet in a collaborative manner that shares
knowledge and leads to joint problem solving. The stable nature of
this form of organisation enables sustained innovation, albeit more in-
cremental than in other organisations. This is generally considered to
be a rare form of organisation. It is perhaps possible to see some of
these traits in the groups that are formedwhen national or international
level organisations set out a call that requires semi autonomous groupsPlease cite this article as: R.M. Morgan, Conceptualising forensic science
research, policy/law and p..., Sci. Justice (2017), http://dx.doi.org/10.1016to come together to address a common problem. For example, when
research councils award funding for interdisciplinary and inter-
organisational teams to address speciﬁc issues within the forensic sci-
ence domain, or international working groups that bring together poli-
cy, research and practice.
4. Forensic science ‘actors’/institutions
It is therefore possible to identify different traits that are distinctive
of the institutions within the different domains (research, practice, pol-
icy/law) that have signiﬁcant roles in the delivery of forensic science.
Each institution has distinctive infrastructures that inﬂuence how indi-
viduals learn and interact with each other within that institution. Addi-
tionally, these infrastructures inﬂuence how different organisations
interactwith each other, and howknowledge is generated, accumulated
and transferred within and between those organisations.
The difﬁculties encountered within forensic science in the creation
of knowledge and delivery of nuanced and holistic forensic reconstruc-
tion are clearly not solely due to the infrastructures of the intersecting
domains and institutions. However, it is important to incorporate the in-
ﬂuence that such infrastructures have as a critical aspect for looking for-
ward anddeveloping approaches that enable forensic science to harness
the value of trace evidence and deliver accurate and context sensitive
reconstructions. Raymond and Julian [25] present the pressures that
are faced by many forensic-related organisations in terms of the extent
to which quality management bureaucracy and compliance policies
constrain and put pressure on operational activities. They call for a clos-
er integration between policing and the criminal justice system and a
change to the way science interacts with policing in a way that reduces
the silos of knowledge. Understanding the typology of the different in-
stitutions offers a path to enabling closer integration and reducing silo
effects. An appreciation of the different forms of knowledge and how
different institutions generate knowledge and interact will enable
each domain to work together more successfully and for the strengths
of each domain to be exploited even more effectively in forensic recon-
struction approaches.
Therefore, the importance of setting out a means of understanding
the different actors and institutions that interact with, and are integral
to, the delivery of valuable forensic science cannot be overstated. Devel-
oping a conceptual understanding of the endeavour of forensic recon-
struction [9] and the nature of the institutions of the intersecting
domains (practice, research, policy/law), with a focus on how knowl-
edge is generated and utilised in both explicit and tacit forms, is a signif-
icant step toward articulating ways forward to achieve the goal of
returning to the ‘forensic science’ paradigm [10]. In taking an overarch-
ing view, it is possible to articulate the importance of deﬁning what fo-
rensic science needs to achieve, the importance of both empirical and
expert evidence bases, and harnessing the strengths of the institutional
structures within which knowledge can be generated and applied to fo-
rensic reconstructions.
5. Where to from here? Developing an effective culture
Part I of this paper [9] presented a conceptual model (FoRTE) for de-
veloping a holistic and integrated approach to forensic reconstruction.
The model presented the importance of evidence bases (that incorpo-
rate empirical data and expertise) to underpin each stage of the forensic
science process (crime scene, evidence analysis, interpretation of evi-
dence, and presentation of intelligence to investigators or evidence in
court). It also highlighted the importance of frameworks that integrate
the signiﬁcance of different forms of evidence in a way that offers a suf-
ﬁciently generalisable approach that has the capacity to be context sen-
sitive to individual cases. The role of expertisewas acknowledged in the
decisionmaking integral to each component within themodel. Part II of
this paper has outlined the degree to which it is important to acknowl-
edge the different forms of knowledge, both explicit and tacit, which areand forensic reconstruction. Part II: The critical interaction between
/j.scijus.2017.06.003
6 R.M. Morgan / Science and Justice xxx (2017) xxx–xxxinterwoven into the endeavour of forensic reconstruction. The impor-
tance of understanding the role institutional infrastructures play in the
generation and application of knowledge has also been set out as a crit-
ical component in identifying how to achieve a holistic and integrated
approach to forensic reconstruction that incorporates the actors within
the forensic science domain.
It is acknowledged that the structure of organisations within the
intersecting domains of forensic science signiﬁcantly impacts the way
knowledge is generated and transferred, and how individuals learn
and interact with others within and outside the institution. This brings
signiﬁcant opportunity to harness the diversity that exists within foren-
sic science and to articulate what the remit of forensic science can and
should be [26] in a way that incorporates different roles for individuals
and institutions in the practice, research and law/policy domains [27].
Taking a conceptual approach enables an agreement to be reached as
to what forms of knowledge forensic science is creating at different
stages and in different situations. Both explicit and tacit knowledge
forms are needed. There is clearly a requirement for validated standard
operating procedures within many aspects of forensic science such as
laboratory analysis, exhibit and sample custody practices and investiga-
tion procedures. There is also a necessity for high quality problem solv-
ing in a context sensitive manner that ensures that each case is
addressed appropriately and that new knowledge is developed that
can assist in the inferences being made regarding the meaning of evi-
dence, which will require the utilisation of expertise.
To achieve a holistic approach to forensic science reconstruction as
outlined by the FoRTEmodel [9], the different approaches to the gener-
ation of knowledge in the diverse domains and institutions needs to be
incorporated. Therefore, channels that enable a complementary ap-
proach from each domain and institution to contribute effectively to
the endeavour of transparent, reproducible and accurate forensic recon-
structions are required. There have been signiﬁcant developments in
the research culture within forensic science since the seminal calls of
Mnookin et al. [4] andMargot [26], yet channels are still needed that en-
able a collaborative approach to establishing the explicit knowledge
that already exists and identifying the areas where more is needed, in
addition to identifying the areas where more tacit forms of knowledge
should be fostered. If this can be achieved there is the potential to
have a truly problem solving approach at every stage of the forensic sci-
ence process that is undergirded by the full spectrum of knowledge and
incorporates the strengths of each actor within forensic science. Four
areas are outlined here that have the scope to act as the starting point
for these discussions; the aspects of interaction, impact, access and
quality.
5.1. Interaction
For a holistic approach to forensic reconstruction, effective interac-
tion between the different actors is clearly important. Developing a
landscape or culture that enables interaction will require an apprecia-
tion of the different infrastructures in order to identify the most effec-
tive channels and language of communication [28]. An appreciation of
the different strengths andmethods of different actorswill enable an in-
creasingly collaborative approach to bring knowledge from across the
entire explicit/tacit continuum to the endeavour. Building these chan-
nels that enable interactionwith a common goal (robust forensic recon-
struction) has the potential to enable discussion, debate, disagreement,
but ultimately approaches that address the most compelling questions
of trace evidence interpretation. Whilst this may appear idealistic,
there is potential to develop the existing channels and create new
ones in a way that enhances what currently exists. A shared vision is a
powerful force. Add to this motivated individuals and organisations, ac-
knowledged and complementary contributions, effective language and
an appreciation of the strengths different forms of knowledge genera-
tion offer and how they ﬁt in to the end goal of forensic reconstruction,
and there is potential for a highly effective collaboration. EstablishingPlease cite this article as: R.M. Morgan, Conceptualising forensic science
research, policy/law and p..., Sci. Justice (2017), http://dx.doi.org/10.1016channels of communication and collaboration between different do-
mains is highly important for innovation and developments in forensic
reconstruction. One path forward is increased acknowledgement from
research councils that interdisciplinary research in applied ﬁelds can
enable effective interactions between the different domains. Valuing
and funding such endeavours has signiﬁcant potential.
5.2. Impact
In order to deliver reconstructions that have the required impact, the
most pertinent questions need to be asked, and truly implementable so-
lutions need to be created. In order to achieve this, a consideration of
impact at the institutional and individual level is critical. At the institu-
tional level the most effective infrastructures need to be developed
across the domains of research, practice and policy/law that foster inno-
vation and learning in order to identify where impact is needed and fa-
cilitate both explicit standards and tacit expertise to those areas. At the
individual level, those with a research remit need to be in dialogue with
those in practice and policy/law domains to ensure that the questions
addressed in research are pertinent to practice and policy, and the
methods utilised appropriate for the generation of the results that are
needed. This is also a dynamic interaction, those with a policy remit
need to be in dialoguewith the research and practice domains to ensure
that policies and the justice system incorporate an understanding of the
capabilities and scope of forensic science and are underpinned by evi-
dence. Those in the practice domains need to be interacting with re-
searchers not only to inform the questions posed in research but also
to set out the challenges that are arising in practice and being open to
incorporating research ﬁndings into existing and new practices. It is
critical that this is not a one-off action, but an activity that is embedded
into the entire research practice (including the formulation of the re-
search question, experimental design and iteration, and consideration
of the research outputs and the context in which they need to be
implemented).
The drivers for institutions and individuals need to be considered,
and then creative approaches taken to ensure that each domain can
achieve the types of ‘win’ required in a manner that enables a contribu-
tion to be made to the collective endeavour of delivering excellent and
holistic approaches to forensic reconstruction. There are examples of
this approach, which illustrate the power of interaction to result in ef-
fective impact with the research units that exist within operational fo-
rensic services that foster a synergy between casework practice and
research. Other examples include the work of Earwaker et al. [20]
where the domains of practice and research worked together to gener-
ate new knowledge that was ultimately utilised to inform bureau prac-
tices. There is an argument to be made that these forms of integration
offer opportunities to generate valuable knowledge and enhance the ca-
pacity for holistic reconstruction approaches.
5.3. Access
A critical component of enabling dialogue that leads to collaboration
and innovation is ensuring access to pertinentmaterials, policies and re-
search. Within the research domain ﬁndings are often disseminated by
publication in academic journals, which is an excellent medium for
sharing knowledge across the research domain. However, given the
norms and expectations of the research domain, new ﬁndings present-
ed in those research articles are rarely in an easily accessible format for
different groups from across domains. At itsmost basic thismanifests it-
self in only being able to access an article for aﬁnancial fee. Access is also
an issue in terms of the language and format required of peer reviewed
journals which are appropriate for the academic domain, but which do
not always make it easy to see how the ﬁnding is relevant in practice or
policy. Additional platforms are needed where ﬁndings can be made
available in a variety of easily accessible formats. Such platforms need
to take into account issues of intellectual property, copyright andand forensic reconstruction. Part II: The critical interaction between
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transform theway different domains interact and dramatically increase
the generation of pertinent knowledge for forensic reconstruction.
Whilst effective structures and channels for the communication of ﬁnd-
ings from one domain to another will undoubtedly assist the transfer of
knowledge, skills in communication across ﬁelds and domains is also
important at the individual level. Interdisciplinary communication is ar-
guably a skill that should be increasingly built into the curricula of un-
dergraduate and postgraduate courses to ensure that the next
generation are equipped with the skills to interact and engage across
domains. Many universities offer opportunities for industry engage-
ment within their teaching and placement programmes that offer real
world experience and an opportunity to experience ﬁrst hand the inter-
action of theory and practice. It is perhaps the areas of oral and written
forms of communication that have scope for development within our
curricula to reﬂect more deeply the importance of engagement across
domains and to ensure that the investigators, researchers, policymakers
and lawyers of tomorrow communicate and interact effectively to gen-
erate and apply the new knowledge required and produced.
5.4. Quality
High quality is universally agreed to be critical within forensic sci-
ence, and themeasurement of quality is therefore a signiﬁcant issue. In-
corporating a conceptual view of the scientiﬁc endeavour and forms of
knowledge intrinsic to delivering robust reconstructions, as in this
paper, reveals that explicit knowledge is not completely independent
of the tacit knowledge of the individual [15]. Doak and Assimakopoulos
[29] demonstrated that in order to carry out standard procedures fully
in a forensic laboratory setting, the interaction of individuals and the
sharing of expertise and advice (which comprises tacit knowledge di-
mensions) was also required. It is reasonable for quality assessments
to focus upon the evaluation of procedures and standard practices. It is
however,more difﬁcult to apply the same approaches designed for eval-
uating objective codiﬁable and explicit knowledge to procedures that
require a sensitivity to the speciﬁc context of a case or expertise of a
group of individuals in the problem-solving approaches taken, which
are necessarily bespoke to a speciﬁc scenario or case. In order to ensure
the high quality that is required within forensic science, an approach to
assessing and evaluating quality is needed that recognises the impor-
tance and role within forensic reconstruction of both explicit and tacit
forms of knowledge. This is a signiﬁcant question, particularly in the
current climate of seeking accreditation approaches. However, an ap-
preciation of the different forms of knowledge that are integral to
effective forensic reconstruction needs to be incorporated into any ac-
creditation approaches that seek to measure tacit forms of knowledge.
6. Conclusion
This paper built on the FoRTE model presented in part I [9] that set
out a conceptual approach for understanding the role of trace evidence
in forensic reconstruction. The different forms of knowledge on the ex-
plicit and tacit continuumwere identiﬁed that are integratedwithin the
FoRTEmodel in both individual and collective forms. The different infra-
structures of the organisations that make up the research, practice and
law/policy domains were presented, and the inﬂuence those structures
have on the generation and application of knowledgewere set outwith-
in the context of forensic science. These attributes of the intersecting do-
mains of research, practice, policy/law were considered in relation to
the FoRTEmodel and four areas outlinedwhere building effective chan-
nels has the potential to harness the capacity and strengths of the differ-
ent forms of knowledge and innovation within the institutions and
individuals within the institutions, to achieve effective holistic forensic
reconstruction approaches.
Taking a conceptual approach to forensic reconstruction offers a
means of incorporating the practice, research, policy/law domains thatPlease cite this article as: R.M. Morgan, Conceptualising forensic science
research, policy/law and p..., Sci. Justice (2017), http://dx.doi.org/10.1016intersect to frame forensic science, and also the different forms of
knowledge integral to the ‘scientiﬁc endeavour’, in order to set out a ho-
listic framework for harnessing the value of trace evidence. The articula-
tion of a conceptual model that is situated within an understanding of
organisational and individual knowledge production offers a means
for developing an effective culture in forensic science. A culture where
quality is paramount, yet where we do not have a ‘one size ﬁts all’ ap-
proach; a culture where evidence based research, practice and policy
work synergistically to provide true impact; and a culture where ulti-
mately trace evidence is utilised effectively, at times innovatively, yet al-
ways transparently, to offer robust forensic reconstruction that assists
investigations and the courts.Acknowledgements
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